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Introduction
Acute cholecystitis, inflammation of the gallbladder, is primarily caused by cholelithiasis in adults, and acute acalculous cholecystitis (AAC) causes only 2e15% of acute cholecystitis cases. However, among pediatric patients, AAC usually appears as a complication of other diseases, such as pneumonia, gastroenteritis, sepsis, and other systemic diseases.
1e5 AAC can also be found in patients with critical conditions including chemotherapy, bone marrow transplantation, immunosuppression, postsurgery symptoms, prolonged fasting, and major trauma. In adults, AAC can be treated with invasive procedures, such as cholecystectomy and percutaneous cholecystostomy. These harmless and low-risk surgeries should be arranged while the disease is mild to prevent severe complications and the recurrence of AAC. 11, 12 Otherwise, approximately 40e100% of AAC patients may advance to gallbladder gangrene, gallbladder perforation, or multiorgan dysfunction. These advanced complications may eventually lead to death in 30% of patients. 12 In adults, although AAC can be treated with surgical procedures, such as cholecystectomy and percutaneous cholecystostomy, for pediatric patients with AAC we primarily choose conservative treatments first. There are few studies of AAC operations in children. AAC can potentially lead to severe complications and cause death if left untreated; however, little is known about the predictors of these poor outcomes. Thus, the purposes of this study were to investigate the clinical manifestations, laboratory data, and pathogens related to AAC in addition to exploring their relationships with AAC-related death and identifying the important predictors to help clinicians make informed decisions.
Methods
The current study was approved by the Institutional Review Board of Chang Gung Memorial Hospital, Taiwan. All pediatric patients who were admitted to Chang Gung Children's Hospital in Northern Taiwan because of AAC without surgery, trauma, or burn injury from January 2005 to December 2012 were reviewed. The criteria for enrollment included the following: (1) fever (from the medical notes), (2) thickening of the gallbladder wall exceeding 4 mm based on abdominal ultrasound (from imaging reports), and (3) clinical symptoms (at least one of the following: abdominal pain, vomiting, and jaundice). Individuals with congenital biliary tract abnormalities were excluded because of different bile juice flows and a higher incidence of cholecystitis.
The main outcomes of the current study were the indicators of poor prognoses, which were defined as death. The definition of AAC-related mortality was clarified as that occurring within 7 days after AAC onset. Information associated with the patients' clinical manifestations (such as fever duration, vital signs, and blood pressure), laboratory data (such as coagulation and blood culture test results), and the presence of pathogens (such as those identified by viral DNA analysis and bacterial culture) was collected retrospectively via the medical notes. Hepatitis was defined by an alanine aminotransferase (ALT) level of more than 200 U/L. The definition of sepsis was the presence of the clinical signs of fever combined with a positive blood culture finding. The analyzed abdominal ultrasound reports were those taken 3 days after fever onset from the eligible patients during hospitalization using a Siemens Acuson Antares Premium Edition (Siemens Medical Solutions USA, Inc., Mountain View, CA, USA) with a VFX 9-4 linear probe at frequencies of 2.5e6.15 Hz.
Clinical information and laboratory data related to disease severity were also collected. According to the newly developed severity grading system defined by the Tokyo Guidelines Revision Committee in 2013, also known as the TG13, 13 the disease severity was classified into three categories: mild, moderate, and severe. This classification is based on patients' symptoms (duration, local inflammation, and palpable right upper abdominal mass), laboratory data (leukocytosis, thrombocytopenia, and coagulopathy), and organ dysfunction (cardiovascular, neurological, renal, and hepatic dysfunction). Severe disease was defined as a condition in which the patient had developed organ dysfunction, and intensive care, including respiratory and circulatory management, was required. Moderate disease was defined by the presence of acute inflammation symptoms, including an elevated white blood cell count, a palpable tender mass over the right upper abdominal quadrant, a duration of symptoms exceeding 3 days, and marked local inflammation. Mild disease was defined by the presence of disease that failed to meet the criteria for moderate or severe disease.
Regarding the analyses, the patients' baseline characteristics and their clinical presentations were described using standard statistical analyses. To examine the associations between the indicators of poor outcome and the above-mentioned patient information, the chi-square test was used for the categorical variables, and the t test was used for the continuous variables. Finally, multivariate logistic regression with a stepwise procedure was used to explore the predictors of mortality. All analyses were performed using SAS version 9.2 statistical software (SAS 9.1 edn; SAS Institute Inc., Cary, NC, USA). Two-sided p values less than 0.05 were considered statistically significant.
Results
In total, 217 eligible pediatric patients were admitted to Chang Gung Children's Hospital over the 8-year study period. After reviewing the charts, 149 patients were found to meet the inclusion criteria (of having a history of fever). However, two of them had gallstones revealed on sonogram, which left a total of 147 AAC patients who were eligible for analyses.
The clinical features of the AAC patients are presented in Table 1 . The median age of the 147 AAC patients was 4 years with a range of 9 days to 18 years. The median duration of fever was 4 days. Among these 147 AAC patients, 43 (29.25%) had been transferred to the intensive care unit (ICU) because of severe illness, and 14 (9.52%) of them unfortunately died. The laboratory results of the patients with AAC are also provided in Table 1 . The most common abnormal laboratory sign was an elevated Creactive protein (CRP) level (83.67%) followed by liver function impairment, which included abnormal aspartate aminotransferase (AST, 69.39%) and ALT (62.59%) levels and coagulopathy [international normalized ratio (INR) > 2, 34.69%].
The clinical manifestations and ultrasound findings of the patients with AAC are listed in Table 2 . As illustrated, the most common clinical manifestation was fever (100%), followed by anorexia (78.23%), jaundice (40.14%) and abdominal pain (36.05%). However, notably, the number of abdominal pain complaints might have been underestimated owing to poor expression of this symptom by pediatric patients. Apart from gallbladder wall thickening, the following image findings were most frequently observed: hepatomegaly (79.59%), ascites (44.90%), and splenomegaly (42.86%). Also, notably, up to 10.20% of the patients with AAC had sludge in the gallbladder that was related to bile stasis or influenced by a hemodynamic abnormality.
Several diseases and pathogens associated with AAC were observed in children ( Table 3 ). The common infectious diseases associated with AAC were sepsis (14.98%), hepatitis (14.29%), and pneumonia (12.24%). The common viral pathogens found in the patients with AAC were EpsteineBarr virus (21.77%) and cytomegalovirus (CMV) (6.80%), and the common bacterial pathogens were Streptococcus (3.40%), Escherichia coli (2.72%), and Staphylococcus (2.04%).
The association analyses revealed that several clinical signs were associated with AAC death. The details can be The data are presented as n (%).
* Including headache, seizure, drowsiness, confusion, and dizziness.
found in Table 4 . Compared to the living patients, the patients who suffered mortality due to AAC seemed to be less likely to have anorexia and more likely to have anemia, a lower platelet count, a higher severity grading, impaired liver function [including more coagulopathy and prolonged activated partial thromboplastin time (APTT)], jaundice (elevated total and direct bilirubin levels), bile sludge, and sepsis plus hepatitis.
To further investigate the predictors of mortality in AAC, a multivariate logistic regression was conducted, and the results are presented in Table 5 . As illustrated, factors such as anemia (p Z 0.031), thrombocytopenia (p Z 0.046), gallbladder sludge (p Z 0.017), hepatitis (p Z 0.018), and sepsis plus hepatitis (p Z 0.005) were found to be significant predictors of mortality in AAC patients. After adjustments for other variables, patients with sepsis plus hepatitis were 114 times more likely to die from AAC than those without sepsis plus hepatitis.
Discussion
The current study aimed to identify the clinical signs (i.e., associated but not statistically significantly) and risk factors (i.e., statistically significantly associated) related to AAC death by examining all of the available clinical factors, which included the patients' clinical presentations, laboratory results, and complications. Many factors were found to be strongly associated with AAC death and could be considered to be signs in clinical practice (Tables 2 and 3) . Some of these signs were further confirmed to be predictors (such as platelet abnormalities and gallbladder sludge) via regression analyses, and some of these signs were also in line with those presented in the literature (e.g., infectious diseases and severe illnesses 14e21 ). In contrast, some of the signs, such as CRP, hepatomegaly, and anorexia are thought to be newly discovered and may become the predictors of poor outcome in terms of increasing severity scores in the future.
Although the sample size of this study is not extremely large (n Z 147), it is sufficient to be considered representative of the general population based on the identical age and sex distributions. The average age of the study population was 5.2 years, and the median age was 4 years ( Table  1 ). This distribution is in line with that of another published study conducted in Taiwan in 2011 (mean age Z 5.8 years) 22 and slightly lower than those of other relevant studies (mean ages ranging from 7.8 to 9.0 years). 23, 24 In terms of the sex ratio, no difference was observed between the two groups (male/female Z 1.01:1). This sex distribution is also in line with those of relevant studies. 22e24 AAC is related to many different diseases ( Table 3) . The associated disease itself may not result in death but may result in progression to mortality during the course of AAC. In our study, five patients with oncological diseases and one patient with systemic lupus erythematosus died. When the associated diseases and risk factors are coincident, mortality due to AAC increases. Therefore, we sought to be the first to evaluate the different factors that predict poor outcomes. Because different diseases are combined with AAC, we could identify some risk factors that could guide early intervention and prevent severe sequelae.
The main finding of the current study was the identification of the risk factors for pediatric AAC death. A small number of clinical signs were confirmed to be predictors in the regression analyses (Table 5) . A lower hemoglobin level, a lower platelet count, gallbladder sludge, hepatitis, and sepsis plus hepatitis were found to be five of such predictors. The associations of these predictors with AAC death could be explained by the fact that all of them are good surrogate measures for liver function, inflammation, and infection. 8 When liver function deteriorates and/or infection occurs, the hemoglobin level and platelet count decrease, and the patient is more likely to experience poor and unfavorable health outcomes, such as death. Another important factor for predicting poor outcomes is bile sludge formation. The possible explanation is that the bile sludge leads to low bile flow and consequently causes severe inflammation that can lead to death. Finally, the key predictor that is worth mentioning is sepsis plus hepatitis. Because of this deadly inflammatory situation, patients with sepsis are prone to death (114 times more likely to die). These findings are in line with those reported in the relevant literature. 25, 26 Some predictors were found to lead to a worsening of the disease course without leading to death, for example, Streptococcus infection. Having a Streptococcus infection increased the risk of requiring ICU care without increasing the risk of death. A possible explanation for this finding is that although Streptococcus infection can cause sepsis and can introduce severe bacterial toxicity that could consequently lead to ICU care, it can be cured with antibiotic treatment, which prevents the worst health outcome, i.e., The data are presented as n (%) or mean AE the standard deviation.
death. Age is another example. Similar to Streptococcus infection, a younger age could also increase the risk of requiring ICU care but not the risk of death. Unlike Streptococcus infection, a possible explanation for this finding is that age might not be associated with AAC severity. However, the effects of the illness on the appearance of younger patients might increase the chance of receiving ICU care for precautionary reasons.
There are a small number of signs that were expected to be predictors that could not be proven in the current study. The first are the white blood cell count and the CRP level. Both are strongly associated with infection or inflammation, similar to a low platelet count, but these signs appeared to have no associations with AAC death in this study. First, these findings can possibly be explained by the skewed laboratory results that were caused by unusual cases, such as patients receiving systemic lupus erythematosus (SLE) treatment, patients receiving chemotherapy for leukemia, and patients with a history of bone marrow transplantation. The second set of expected but unproven predictors are those associated with liver function, i.e., AST, ALT, bilirubin, PT, APTT, and INR. Although associations with poor outcomes were observed (Table 4) , the predictive powers could not be confirmed (Table 5) primarily because these pieces of information were not incorporated into the regression analyses owing to the considerable numbers of missing values that could not be retrieved retrospectively. Incorporating this information would have compromised the numbers of patients available for the analyses and thus might have introduced bias.
Notably, there is another important sign that we did not incorporate into our current regression analyses, i.e., the TG13 severity score. 13 This score was strongly associated with AAC death (Table 4 ) and increased the chance of mortality (p < 0.001, data not shown). Although the results are promising, they must be interpreted with caution, primarily because we only examined AAC patients in inpatient settings. The lack of outpatient cases might have caused an underestimation of the number of low severity cases and a consequent overestimation or underestimation of the predictive power of the severity grade.
Although several important findings were obtained in this study, it is also subject to three limitations. First, information related to the length of hospitalization was not available primarily because of difficulties in retrieval and the determination of the date of diagnosis, especially among those with severe underlying diseases. Therefore, the statistical analyses of the clinical and economic influences of AAC could not be assessed. Second, according to the current clinical practices of the study hospital, regular follow-up abdominal sonograms were not arranged for all patients, and thus the resolution times for AAC could not be examined. Therefore, recovery time, which is one potential indicator of poor outcome, could not be investigated. Finally, several important pieces of information were left unexamined because of considerable numbers of missing values owing to the retrospective nature of the study. To complete this investigation and strengthen the results, a prospective study design involving more patients is desired.
AAC is broadly considered to be a mild disease among pediatric patients and is often neglected by clinicians. However, our study demonstrated that AAC can lead to severe health outcomes, including death, if not treated with caution. Additionally, in this study, we identified novel signs (such as CRP, hepatomegaly, and anorexia) and confirmed important risk factors (such as anemia, thrombocytopenia, bile sludge formation, hepatitis, and sepsis plus hepatitis) of AAC mortality. These signs and predictors are expected to support clinicians in making informed clinical decisions regarding patients who require intensive monitoring and/or interventions to reduce the possibility of severe health outcomes of AAC.
